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PROBLEM TO BE SOLVED: To provide an organic 
electroluminescence, element with high luminescent 
efficiency by including a charge trapping function in a 
luminescent layer. 
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SOLUTION: The electroluminescence element has a 
substrate 11; a hole injection electrode 12; a hole 
transport layer 13, an electron transport layer 14; and 
an electron injection electrode 15, stacked in order on 
the substrate 11, and the electron transport layer 14 
acting as a luminescent layer contains a hole trap. A 
hole injected from the hole transport layer 13 is 
trapped in the hole trap within the electron transport 
layer 14, and efficiently contributes to luminescence. 
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mmtEMnm* b^v ■ftzw® b 9 m i 1 1 t^3Bf*ttgi®#, f«3r#8!5:ie 

mmi^m^mm.im^M^\y-b^c^x [ooon 

yxm-. 20 $.*ytyzm*\zmtz*j<DT>&?>. . 

[H*a4] ttiiE-o©jiA^miiaa^i^MT**y. to 0021 

v -fx-ibzmm. 1 ici^t<7)*»r h n;i/$ * v [ o o o 3 ] m-. mmbtmzimmttzmmi. 

y^m-. \svvu)\,%*y^y7m&vL^Tmgft&i*tit=. 

ttflBm#h7^^H* ? , mmLG&rFO>&%V?%W& 5 1^9 l 3H1 9 8 7«Ap p l i e d Phy s 

fe«J;^2^;4fct±3?§5S;©^#^|^EHb^©i>'7 ics Letters, 5 1, 1 9 8 7, P. 91 

Jffim>tmnnVyWMm^wmfc'J?*<£i> 30 3. )) . z<Dmx-C. w. TsmgbitHWSmM 

v9 vun/K%»j*.y7mfr. zv&yzmj-mBbz^^. zcom^T'it. nmt 

fc*J, ltflB^#*WLTV\5||*«l{C|E^©^. * (8-dryU^-;i/) 7/l/S-?A«8tt (OTA 1 q 

mz%wm£^mm<?)* * f • >w me 5#3 6 1 oh i 9 8 9^ ( j 

y*>^ioT^^^lffiS4TAi(^lK:|B«©* ournalof Applied Physics, 

axl/^^a^/$>yfe>Xm?. 6 5, 19*8 9, P. 36 10) tCtt, ^Umif^ 

[ff^8] |tff2iE?LaAffl«SA*m^ffi»ffi»ffi± 40 $*£A1 qK^vyy^tf^DCMl (Eastm 

®-*C3B«S*lT* ItiaiEm^a^^itftu anChemicals) %Z>S)fc£Silfc F-^bfc* 

»<os«^feti«aB««^uTj^ufc«R«« [0004] ^mm^^m^tmrnt, m&k 

«WI(ITOBD-±lC. N, N' -bis (3 -me 

m&m+mMWMttmnmi-Mtvmi^ t'hy lphenyl) -N, N' -diphenyl 

^fS^^BZ&^t^Sl^m^^-rSll^S -(1, 1' -biphenyl) -4, 4' -d i a 

'ltCi2lB©Jt8&xWr hn;i/5*y-fe>7.^o mi ne (TPD) fre>£5IE7Liro&I, Al qyfr^ft 

at#«9]' tiisnnw. ^>if^> ^n^> 50 a*^«aw, fe±ofAi-Li^t (*fctaMg-A 



9 hn;i/$^<y-fe>x^. 
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6m^«siffiS:^-rs. TPDMcaXatwfeiEjLtt. 

TA 1 q jg*T'A»A A 1 qJfjWtt*»***. 
1 q ©7l/^/H*i'F> (Al q") 
&ZZ.tt>\ V+-t& ■ ' F • 7-f 57* 

^ $79f7 9 9 1I19 9B# (Journal 10 
of Applied Physics, 7 9, 199 
6, P. 7 9 9 1) ICBKsSftTV^. £0*tWnf, 
Jfc?0DfSi8tfA 1 qM<Z>S{££tteM (LUMO, Low 
est Unoccupied Molecular 
Orbital) ©TiC^ffi-r^^gcDm^F?^ 

[0 0 0 5] ttz* Z.mmZ%V< ^# < ©8Wffl»fi# 
[0 0 0 6] 

let*, -^a)m^7t)>6aA$tifem-?-tiE^imr4T- 

£;U;£. «?-x*^MMfiDByc* >J«2f tf>f6>£ . 
[0 0 0 7] ±fa^£«?&i-6fes^ 

[0008] 

kttsm (ffijtm^t^®^) fc®s»&K*o 
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[0 0 0 9] *W5!(«Wa«)«Hlt4lbT.- ±fBm^*8S£ 
[ooio] ±l&f$£xu? Mn;i/S*yfe>x^?-T* 

tuts®? f 5 v -ffimsmt*m*i>iii&z. ttmt. 

&) g«WlyT«fifF^'y^ltS:«*C3>Fn-A'T 

$,m, *»||^fc:i:/Fn-/l/bTF9*7tt*# 
[0 0 11] ±BjW|xi/i'Ka^/5*yt>^*¥-T» 

-F8&fe*#. IW/hS^I5iSS*Sai^^^ 
-F«^*oTJ^3*w&£fciW»*U>. ±BB»S 

[0 0 12] ±|B?g»xi/i' Fa^/5*v-fe>x3R?T 

ZvffiM. §mk5MT<&mV&S88&& 7 to 
n*i/yjL-)\& feitf &7fr*to7$ J v^-to^ 

[ooi3] ±i&t«lx i/^hn;i/5*>yfe y*.m-~z 
tt. IWB-o©Ji# { i(rBiSB?«aWT?» l J> 

few 3 aft0gttNifeflHte4to>s<r ^ i^** 
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[0014] ±§a^Sx i/^ ho;^ * yt 

[0 0 1 5] ±IB#1XU^ hO^/^ *^-fe>^*?-T? 
[0 0 16] ±3B#*xW hn^5*yfe>^*?Tf 

pgy*</js$<T-t, *M«ttKi*«nsie»xwb 

[0 0 17] ^i^®C^1-S^B5*^Sffi*^©*^ 

[oo 1 8] %m*®m&tz>mfrf-m 
[0019] mm\«m@£#$sft*if 



(4) . 0 0 0-2 5 2 0 7 7 

6 

y tefeft a*u h * •> -t 

[0 0 2 o] IgiMffix-W baj\,$.*y±yz.$fc?x* 
tt tWBfWW. '•O-fcfi/gt £/*n^>*^x> 

tt Mm^mm&t&miismfrmffi&tLx^z 
io afr«cjfeffcw*v>. 

[0 0 2 1] ±B*lix^hD;b§*yfe>«Hf-e 

tmt mzmrmmiz&mmm&m^ . 
•act*, 'wjwjMBntmzsi&imv* st^ 

t£. Al-Li@H£:Al q£®#ffif 

tt. *tt£JMflr?&«Li (Alq) »W$n 

20 fttt ^£fl3^6*^fc^:^T*&67;i<:fty?£: 

[0 0 2 2] JbJEW^xt'? Kn;i/5^>yfe^X^T' 

^jftB^^-f^safbwibfey. ssies**^ 
•t z>mmtoxmfflmtz> z. t \z j; y 

30 tfr£&§ 0 

[0023] ±ffi^$x hoA/^* v± yxmj-x- 
tt MB#»»*»^ tu!BiE?LaAM®gtl«iaiE?L 

. -yfrbteZZttftftUK iE?U£AMtt v JE?Lfi^ 

<y7X>{i. ^7*D2/7->JW»J:yiEJ[JlB8tt^ 
40 [0024] 

[0 0 2 5] <£fft9&m ) ^tSIl T'tt. *«W© 

ts. 

[0 0 2 6] &t9^10ttttxl'9 hD;t/^*y-fe> 
^JR? 1 OlCoV^T. »rS® &® 1 IQR*. 

[0027] Hl.«*i8l/T. ^atxl/^hn^S*^ . 
■fe>^^?l Ott. S®1 1 fc, ffigl 
50 $^fejE?imfflffi^l 2, iETLffo^l 3, ^^31 
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114fcJ:im'?$£AJBttil 5fcfl|*.S. 0^ 
Ott. IE?L&A$«@ 1 2 £!E3Uli£JI 1 3 tomzfc 

«s*i*ist&wrk 1 4 

[0 0 2 8] SSI 1 {* IE?L&AE®I1 2*fr&-3fe 
[0 0 2 9] IE?tiiAE®I 1 2t±> IKLfcaAtSfc 

(1 I TO (Ind iumTin Oxide) 

[0030] isuMswi 3i*. m^mmi 4}cie?l 
"tf. 

[003 1] @?$lif£S 1 4 I*, «?*B£tt S#*&M 

ftftB i ©;f$x i/? h a jus. * y iz y*&f- 1 o t? a, 
1 4 & m^SiiA1-S ClillCj: o'TSWBf 

%jn?&y. »#tt?&«m:*tr. &»t?Ai 

. i2H14^«^h5>v7 r |g.(m#h5^7'#©) 

^bT«|gt*m^lfroiMl4ffl|^PhbT«, fcfc*. 
& 2 0nm~5 0nm;bWi:U\> 

[0 0 3 2] e-?&AJB®ffil 5 8. ©T-fcaAThSfe 
«>©W§T*$>3 0 WF&JBJMl BKtt. ft»H$:© 

KynnMHct*! wf&Mem&i 5££M*#x» 

fcl/ttt. Mg-Ag^, Ga-Ag^i 

£tLT8 Al-Li^, Li-Al-Zn-^, 
Ca-Al^A, Mg-Al^i. Sn-Al-Li^ 
.&.Bi-Al-Li£& I n-Al-Li^&fcif 

[0 0 3 3] ±K*M^10*l|xV^bD^5*y 
1 0T*8 EJUiXBWii 2^«kz>'m-f-a 
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[0 0 3 4] SBI^i©*»tl/*hn/w5*?»-fe> 

^ i o a; i&t&je*K i 2 tm-mAjams 1 
3tm*mM (.mm i±tzmLtzMm*m 

(1 1 4 {CftA3*ifclE?L£iE?l h 9* ^T' 

[0035] im^m^^vyvzfmtM. m® 
[0036] &tc wfrtmM (mm). 1 4 eji^& 

X\ (1) ^©-0©*|ig&#-^©^tl^tL©^ 

iM h 3^tW»o-TSfc3W83et««#fc, ( 2 ) «1 
30 [0037] -M\zmm*M\& £tC7 r >T : ;i/C- 

©my-tftei i: #*ffl©«?*raBray:s < jwi y , -torn 

[003 8] *«fl^>$H*M h (««!!> T?*o 

40 hlCOV^W-^JS^l ^t. 

[003 9] 
»1] 
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mm 






^&$*8##lR(LUMO) 




*8£*£8R~^n£^$(HOMO) 




IMSUK^i^SSR (HOMO) 

•WW*****' 







[0 0 4 0] ±IB (1) ©#£.£14. -C©£W- [0 04 5] ftftjftf. SSTOfrStlffitfey-fCioTa*. 

[0 0 4 1].*^ JJB (2) ©B^icii. «Wiaa» . ti^flBE^feWffh^y^fc^TllWTfft*.. 

fiB&JTrsSHHM h*#ti*»NFfc. ttt H5y ^ [o o 4 6] fei:A.H £*xi/f ha;i/5 *yte:/* 

>t»»C#**l*. ±IB (2) ©*§£«, M®lfaZ*iZte& 20 U^-;W 7)V$-Vm» (A 1 .q).«r«vWt 

[o 04 2] |»®ico^«xi/^ hn;i/^^-fe> !E^^ttfe#*>iE?Lh5>v^&i)MS<*Mc(i®S. 

ocHft&Ctt. JOB (i) fcitf (2) ©wf fcvy. L>U j(KSBtffi*a<t6i4:lciy, fflfc£ 

v moyem&Mmtf-m saw© *miK9mvx%& 

[0 0 4 3] «?«B3S»l'4li, JE3Lb?v7tLT* *MZ ■ *rt®»h«S«l:iWWbT«fifh5'5>*afe* 

&±&i?Tfrk*7$;yx^ri^V8£*>£. [0 0 4 7] *&, fe^in^u^*:/*?!^!/ 

^&<fcfcHfCJ:5iE?Lh5?:/fc^-*:j!W*k ■ S/^0^>*J?x> (StT, PPCDfcv^) tAlq' 

Stum ea-;k -rs#V-;k fc»!/-/u b -flW^yaflBWfclttfAl q<D«^«SgffitiE?Lh 

LTfct, 7;i/*;i/g£bT£^i~6©7;i/*;i/*# jK«ffey^^^>^©^4§l*iBil/JlrtK:«'h' 

[0 0 4 4] ««B^rt©»WSait«lh9v'^ , j!: 40 <**i:v^l»«:*&. 

tsm g^tt^a^M <38ft» <z>3»£8f& [0 0 4 8] *tc *«xu* hews 

■essfeft. z.Kwm Lxm&Mm&-MftoM/b [0049] iiiw h u^^^v^y^m^i 0© 

ffti, (Wei&O ®£?/t-5>*>«fffi $w38^ (38}OT) 4®*Bffl«i (LUMO. Lowe 

$fc©$fliftfcfc#*5;it#T£6 : fc>©T', Z.©Ay3f> st U n o c c u p i e dMo 1 e c u 1 a r O r 

^^©laptcJcoT^ffii©^^©^*';^!®!! b i t a 1) ±t«K8a*i*. iSLtxAJB^H. 

h9«/^S$:##1-S3.i:A< v et'&. 50 31 (HOMO, Highest Occupied M 
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olecular O r b i t a 1 ) ±£$bj!I3*U H 

at*. 

[0 0 5 0] H3H*WJiKfctt6fWth?*^fc«l 

ttt-HOM0H©3:*A^f-) > t» 
fcLUMOiaox*^-) , .iSiOta^/WP-^V 

1S©0 1 ©J: e> fc^JI* 4 7©#W8»**r F©* 20 
jfl<Dft(££#ljS (LUMO) ±fet&3tSt^. 
(HOMO) ±^t^$tu r©»£WciEJLttlfc6» 

3fctSi:v>3#J5S:tS. Z.<OJEA.b9vrtt* 

[0 0 5 1] JgH±8»HbfeJ:dC- ±I5*S^® 1 ?0 

[o 052] (mmmz) msmzttt* 

[0053] |Q(S^il2©^SxH'>n;v$*vfe> 
[00 54] H4«*Wl/T. ««»xK'bn i n/5*v 
3*ifcI0U£AJ8*ffil 2, ETUg&Jf (BftJB) 4 

i . mmm 4 2 &mm-w<mM 1 5 saw. 
^■fe>^«?-i oti. mmmmi ztmmm 

4 1 ii©lH«I^K5ft*iEIUS7Jf*. S«£f4 2 
[0 0 5 5] mil U IE?tf£A#fif§l 2£*tfnfr 



^2000-252077 

12 . 

[0056] mjmm mm) 4 1 «. ie?u^ 

-7-4 O^lis IKUf!i£JI4 1 1*. .m&SAtSifcfC 

fe, gttglt 2 ©£ {&X 1/ * b D * V * >**?4 
OT-lis iE?Liro£Jg4 ljWBf h^v^B 

Tte, 2 0nm~5 0nm*W*U\ 

[0 0 5 7] «*Hi£«4 2«U iE?l^M4 1{cm^ 

&*»ts fe»<ojrc*» y ♦ ±fc LT*^*$8£tt<&*8& 

[0 0 5 8] |HBaB2«D5e«xi/*M3^*yfe> 
^«T-4 0©#£tci±, EFUKSIf 4 1 

&b-biae^iiT-i$wiufc (1) fc«fct* (2) ©v^-r 

^©^t%J:V^ ■ 
[0 0 5 9.]'iSU6ay|4 1tt> Vf-h^vftLX. 

[0 0 6 0] <g«xui'hn^$*vfe>x*?-4 0T 
J4. JSLftA««flll2*»e)ttXSJrifciBUt 

^14 2©fi®^fiJi_hS:®^S^ IE?IJ^eIM4 1© 
^h^y^CJIKSft*. iKWfej2yS4 1© 

^ot, ^Bxl/^hn^5*yfe>^*f-4 0CJ:*l 

[0 0 6 1] JsUJMIHUfeJ^C ±I3^H©^^2©^ 
«x^hn,«/5*vfc>^*T-4 6EJ:*Ui 
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[0062] #3s, ±mmm 1 2®*«xu 

9 hn^5*y*>X*f 1 033«fctf4 OTftt. IfcfcS 

i:l/n3u «KWiK:HEWLfe^&t<-55>^a 
T--fQt?x.V h (LB) ffi^, »ttfei^hi 

ffi. MBE (Molecular Be a 

m Epitaxy) &&£©«* ©^mfr££?'J 

[00 63] t fc, #GSxl/£ h 0^/5*5' "fe^^SS? 

1 0feit>'4 0T'& iE?LaA««Sl 2fej:y t m-?-a 
A#«Hi 5 fc©l3£#£t££&^Jg;b^#»i£ 

xy U>^©i^&3^5S;~5S 
[0 0 6.4] jM*flWfc«i:LT, fcfc*.fcfc AfDS^ 

^;ugi:^f-;i«* ,:i ?-^ti2fflc5oS^bfc>'iv^y 

n-f>, EP*)2, 9-Dimethyl-4, 7-di 
p he ny 1 - 1, 10-phenanthrolin 

i-y buuyWMEimm^h. ^y^ym (7x 
^i/^n^>^e;x> (5pcp) fcK-^bfea6* 

«k y fesSJttt^F-ST*^ .5 PC P^m-?- K5 >y 

[0 0 6 5] #$xl/? hD^/5*'v"fe>^3R?- 
1 033J:tf4 OT'tt, IE?tf£AflMl 2£J:0mSl 

i©3®©e>*>> «*ft04®fcgN-s*M*m*«© 

[0 0 6 6] dZT\ ttgSMtf. 
hUTV^-M ty$?x £9S», MJ7S>X f h 



(8) 4$§fl20Q0-25 2 07 7 

**&mmmit2ivz>®iiit&<<\ 3©fe#, tarn 
ft v*y in zmfzmitLT. %mi 
io &f<nm^8^o~6m<m^mrt^frb 

[0 0 6 7] ^Uxl/^hD^/$*'yt>^SRf- 
1 0 33 <fc 4 0 ttlSffafr&fft MBEftfc* 

£«. «?»&*-a»*7, 7, 8, 8— f 1*55/7 > 

K-^ (fe£xJ3WfK:J:SK-tf>^ l/feU?* 
20 n^7-><fcyfc6iEft?tAJijbW*U\ 
[0068] 

[0 0 6 9] GfeBftU) ^«|17?H t?4t£jftf 

yzmttHMz-D wows*-*. 
[0 0 7 o] ££0!1 0#«xV* Kn;i/5 

g£ LT, *7X«&i:lc^Stlfe 1 0 0 n mtf «y 
30 ©;* h^T^I TO (I nd i urn Tin Oxi 
d e) mzm\ WrF&ARW&tLTLi - A l££ 
fc«V*fc. EJUKSJiKlN, N' -bis (3- 
me t hy 1 p h e ny 1 ) -N, N' -diphen 
. yl- (1, V -bi phenyl) -4, 4' -d 
i amine (J^Ts TPDt^> $:fflv\ 
li:bT9, l o-hfa (4-^>-^;i/7^>'7i- 
;i/) (WT. DMPAi:v>e>) t-K-^U. 

feAlqSfflVNfe. 

[0 0 7 1] #5x«ffi©«Wtcrg?ft3£fil! 

40 (Kg lOOnm) mfchtcfc ^^f^*T' 2 
5 0 iC 1 ^^KWOa UTtJ^^:^ b&v NjtfB^iW 

mmmtz:. ss^om ^i®^©^ 

DMPAfciZ/Al q, m-?aA«m^i:*5 A 1 33 <fc 
tKL i Sr-fey h bfe„ 2 x 

10-6Torr*T?5IV*fc«. TPDCQWIWf- hSS 

^l^T'T P D« (R)f 7 0 n m) S^bfx. 
[0 0 7 2] -e©^, DMPA33«ktfAl aCDWH^ 
50 - h 0 . In m/fj>©l«iST* D 
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m) m&Vtz. DUPAtAlqt0ititmi/4iZ 
[0073] %<m.. L i 33,fctf A 1 OMhlWZ- V & 
@GKJgl6 0nm) LifcA 

l i - a i^ij>bt£hm-^mwm&&ht=.. 

[0 0 7 4] z.bhxm%frt-MW&-W YnfrKZv 

■fe V7.%=S- ( I f O/T P D/DM P A 2 0 % A 10 
lq/Al-Li) tC, gaSE&MbT-£©&ft# 
tt£?M5£bfei:;i3> 8 VEH6DT*3.mA/cm2©miSfE 

m 1 3 o c t/mZmmLcommmimh 

& DMPAO^^l/T^/^x-ym^IEJLh^.y 
yffi^ U S*ffd&1xl*7> A l qtfffl 

[0 0 7 5] (HSS0J2) 196092m ZETLSSgStf. 

S„ 20 
[0 0 7 6] $mffl2(D%ffi^l>>7 hUfr$.*vtyX 

Stm lE?L®^tbTTPDi:2s 9-^^;i/- 
4. 7->»7;7x-;i/-i> 10-7x^">Sn'J 
:/"CKT\ MCPFiiV^) £:<D2/I#B£fre>&SiE?L 

[00 7 7] 3ft 6> Sffl V 1 1 MlSHC^^f 

V\ ^^xV^hn>n/5*-yfe>^^ (I TO/TP 
D/MCPF/A1 q/Al-Li) 5«Lfc 0 30 
li, TPDf^5 0nm, MCPFJftf3 5nnu Al 
qfHtf 5 0 n mX$>-o it. 

[0 0 7 8] J^Mm^-Ui' hU)\yS.^^y^^ 
VflttOT'4 raA/ c m2<Z>m&*)Wv 12 0c d/m2 

©*^©?Bftj!)We>ftfe. iQ6M2<D£$xi^hn;i/ 
5*yfe>^m?t*tt, MCPFtf>2//V:7x-;i/S# 
iSwl^h^y^ffi*:^ U jETUTj&ffiiTPDfcMC 
PF©7x^->hnU^»\ MCPFjfrtT-^ 

[0 0 7 9] (^#3) ^Iil3m IHUtSJftf 

[0 0 8 0] HKW3<Z)5e»xi/f hn/u5*yfe>^. 

JEJLfTiKlMfc bTT P D i: 2, 9 
4, 7-i?7i-Jb-l. io-7x-fyhn'j> 

DMPFfcv^) £©2jf^^t&6lEftSa&I 
fcjg^fc. *^ l^fEijiJgtbT, Hi6Mii:PI^tc 
Al <i*m>fc. wma&ftK^X&m&Ml tm 
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Izyzm* (ITO/TPD/DMPF/A1 q/Al 
-Li) SrJ^Lfe. B»fcfc TPDJI#4 0nm, D 
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